Abstract. Aiming at classical DV-Hop localization algorithm has a big positioning error in the situation that network nodes distribute unevenly, an improved DV-Hop algorithm is put forward. The anchor node's hop distance will be revised by hop counts in the parking lot of location model and hyperbolic positioning method is introduced to improve the positioning accuracy. The simulation results show that improved algorithm can greatly decrease the average localization error.
Introduction
With the development of wireless communications and sensor technology, wireless sensor networks (WSN) is widely used in daily life. In wireless sensor networks, location information is significant to monitoring data. Therefore, location technology is the key to process the collected data and achieve a variety of functions [1] .
At present, many scholars have applied lots of methods, such as MPSO-DV-Hop [2] , to position in the WSN [3] . According to the way of measure distance between nodes, positioning algorithm can usually be divided into rang-based algorithm and rang-free algorithm [4] . Zuo et al. [6] put forward an anchor node selection algorithm that can make the error lower. These algorithms' anchors and unknown nodes distribute randomly and are unsuitable on the situations that anchor nodes at the sides of unknown nodes. In this paper, we established the model of indoor parking to locate the place of car by wireless sensor networks.
Analysis And Algorithm Description Of DV-HOP
The Original DV-HOP Algorithm DV-HOP algorithm expresses the distance between the unknown node and the anchor node by calculating the product of their hop count and the average hop distance of networks. The whole arithmetic processed could be concluded as follows.
Step 1: The hop counts between the unknown node and anchor node was obtained by the distance vector routing, and the information was transmitted cover the whole network by flooding.
Step 2: As an adjusted value, the average hop distance would be achieved after all information be given.
Step 3: The unknown node's coordinate will be obtained by using the three-side method and maximum likelihood.
The Error Analysis of DV-HOP Algorithm
The original DV-HOP algorithm's error was caused by the following situations:
1) The original DV-HOP's minimum hop count was achieved by the connectedness of network. 2) In original DV-HOP algorithm, the distance between the unknown node and the anchor node was achieved by calculating the product of their hop count and the average hop distance of networks.
DV-HOP Algorithm Improvement
The original DV-HOP algorithm sets the hop distance to equal for each unequal length jump, without taking the actual distance from a single jump into consideration. The following figure is the results of using original DV-HOP localization algorithm to locate the network model. 
The hop distance by anchor nodes Improved is described as follows: 
Hyperbolic Position Measurement
Trilateration or the maximum likelihood method of Original DV-HOP algorithm has the part of equation group subtraction, then produce new deviation based on the distance from unknown nodes to anchor nodes. While trilateration will led to positioning node close to the hypotenuse of right triangle, so this paper proposed to using improved hyperbolic measurement method to calculate the position of unknown nodes. In this way, the deviation can be reduced.
The formula Gb H = can be concluded. 
SIMULATION TEST AND ANALYSIS OF RESULTS
In order to assess the effectiveness of the proposed algorithm, by using of Matlab2010, the original DV-HOP algorithm, reference5 and the improved algorithm proposed in this paper is simulated with the same wireless sensor networks model. The average location error is used as an evaluation criterion for different kinds of algorithm which are described above. In the process of simulation, all nodes including unknown nodes and anchor nodes are deployed in a 100 100 × rectangular area. The simulation environment of the wireless sensor networks is used in this paper as follow: Fig.2 The Simulation Environment Change The Number Of Unknown Nodes On the basis of the wireless sensor network model we established above, we change the number of unknown nodes and keep anchors nodes constant. Then we choice the communication radius is 20m. Fig.3 the number of unknown nodes As can be seen from Fig3, with the increase of unknown nodes, the error rate of calculating unknown nodes coordinates is decreased. But we can see that the error rate is calculated by the improved algorithm proposed in this paper is lower than others that are referred to significantly and stabilizing. When the number of nodes increased, positioning error is relatively stable. In this paper, the positioning error rate is calculated by improved algorithm than the original DV-HOP algorithm decreased by about 10% and document 13 lower than about 6%.
Change Communication Radius
On the basis of the wireless sensor network model we established above, we change the communication radius of nodes from 20m to 40m and keep unknown anchors nodes constant.
Fig.4 communication radius
As can be seen from Fig.4 , with the increase of communication radius from 20m to 40m, the error rate of calculating unknown nodes coordinates is decreased stably. But we can see that the error rate is calculated by the conventional DV-HOP algorithm from 61.2% down to 30% from 50% while the document 13 dropped to about 23%. In this paper, the improved algorithm positioning error rate is dropped from 32.5% to 20%, and compared to an overall reduction of about 15%.
